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0HFKDQLFDO DQG WULERORJLFDO SURSHUWLHV DUH VWLOO SHUFHLYHG WR EH RQH RI WKHPRVW LPSRUWDQW OLPLWLQJ IDFWRUV LQ WKH
SHUIRUPDQFHRI300$ ELRFRPSRVLWH&RQVHTXHQWO\DUDQJHRIGLIIHUHQWPDWHULDOVKDYHEHHQXVHGDVILOOHUSDUWLFOHV
WRHQKDQFHWKHORQJWHUPSHUIRUPDQFHRIWKH ELRFRPSRVLWH,QWKLV SUHVHQW ZRUN H[SHULPHQWDOVWXG\KDVEHHQFDUULHG
RXW WRHYDOXDWH WKH PHFKDQLFDO FRPSUHVVLYH VWUHQJWKDQG ZHDU RI WKH SRO\PHWK\OPHWKDFU\ODWH 300$VHDVKHOO
SDUWLFOHV EDVHGELRFRPSRVLWH 6L[GLIIHUHQW FRPSRVLWLRQVRIVHDVKHOO SDUWLFOHV UDQJLQJ IURP WR LQ300$
DUH PL[HG WR PDNH ELRFRPSRVLWHV 7KH FRPSUHVVLYH VWUHQJWK RI WKH FRPSRVLWHV ZDV IRXQG E\ XQLYHUVDO WHVWLQJ
PDFKLQH 7KH DGGLWLRQ RI VHDVKHOO SDUWLFOHV LQFUHDVHG WKH FRPSUHVVLYH VWUHQJWK ZLWK  ILOOHG FRPSRVLWH KDYLQJ
PD[LPXPFRPSUHVVLYHVWUHQJWKWKDQRWKHUFRPSRVLWHV7KHUH ZDVQRVLJQLILFDQWFKDQJHREVHUYHGEHWZHHQDQG
 ILOOHG FRPSRVLWH +RZHYHU ERWK VKRZHG VLJQLILFDQW SRVLWLYH HIIHFW RQ WKH FRPSUHVVLYH VWUHQJWK RI WKH
VSHFLPHQV FRPSDUHG WR XQILOOHG FRPSRVLWH 7KH ZHDU WHVW RI WKH ELRFRPSRVLWHVZDV FDUULHGRXW XVLQJ SLQ RQ GLVF
WULERPHWHU7KHILOOHG FRPSRVLWHKDGEHWWHUZHDU UHVLVWDQWSURSHUW\ WKDQRWKHU ELRFRPSRVLWHV2QDGGLWLRQRI
PRUHFRQWHQWRIVHDVKHOO SDUWLFOHVWKHZHDUUHVLVWDQWSURSHUW\GHFUHDVHGLQ DQGILOOHG ELRFRPSRVLWH7KH
VXUIDFH WRSRJUDSK\ RI VHDVKHOO SDUWLFOHV LQ WKH ELRFRPSRVLWH DQG ZHDU WUDFN REWDLQHG GXULQJ WKHZHDU WHVWV ZHUH
VWXGLHG XVLQJ VFDQQLQJ HOHFWURQ PLFURVFRS\ 2SWLPXP WULERPHFKDQLFDO SURSHUWLHV ZHUH IRXQG DW  VHDVKHOO
SDUWLFOHV ILOOHG 300$ELRFRPSRVLWH
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.H\ZRUGV300$ELRFRPSRVLWH0HWK\OPHWKDFU\ODWHVHDVKHOO SDUWLFOHVZHDU
 ,QWURGXFWLRQ
$ %LRFRPSRVLWH LV D FRPSRVLWH ZKLFK LV XVHG WR UHSODFH D SDUW RI WKH ERG\ LQ D UHOLDEOH DQG SK\VLRORJLFDOO\
DFFHSWDEOH PDQQHU 7KH LQWHUIDFH EHWZHHQ WKH GLVWLQFW SKDVHV VKRXOG QRW EH DIIHFWHG E\ ERG\ HQYLURQPHQW ,Q
GHQWLVWU\ $FU\OLFUHVLQ3RO\ 0HWK\OPHWKDFU\ODWH 300$ LVZLGHO\XVHGIRUIDEULFDWLQJGHQWXUHVEHFDXVHRIWKHLU
H[FHOOHQW DHVWKHWLF DSSHDUDQFH DQG ELRFRPSDWLELOLW\ ORZ ZDWHU VRUSWLRQ DQG UHODWLYH ODFN RI WR[LFLW\ )DULGHK
%DKUDQLHWDO
7KH PHFKDQLFDO DQG WULERORJLFDO SURSHUWLHV RI 300$ DUH OLPLWLQJ IDFWRUV LQ IDEULFDWLQJ GHQWXUHV UHVXOWLQJ LQ
UHGXFHGOLIHRIWKHGHQWXUH 300$GHQWXUHEDVHVDUHVXEMHFWHGWRKHDY\FRPSUHVVLYHIRUFHVLQVLGHWKHPRXWK'XH





RQ WKH QDWXUH RI WKH ILOOHU DGGHG 'HQWDO5HVWRUDWLYH0DWHULDOV&UDLJ 7KHUH DUHPDQ\ VWXGLHV LQ LPSURYLQJ WKH
PHFKDQLFDO SURSHUWLHV DQG WULERORJLFDO SURSHUWLHV RI 300$ ELRFRPSRVLWH E\ UHLQIRUFLQJ ZLWK GLIIHUHQW ILOOHU
PDWHULDOVXFKDVILEHUVZKLVNHUVSDUWLFOHVRIPDFUR VL]H5RVV2UPVE\HWDO
;LQMLQJ =+$1* HW DO  VWXGLHG WKH UHLQIRUFHPHQW RI 300$ PDWUL[ E\ DGGLWLRQ RI $OXPLQLXP %RUDWH
:KLVNHUV $%: E\ VLODQLVLQJ WKH ZKLVNHUV ZLWK  ZHLJKW RI VLODQH FRXSOLQJ DJHQW 7KH\ FRQFOXGHG WKDW 
ZHLJKW$%:UHLQIRUFHG300$FRPSRVLWHKDGEHWWHUPLFURKDUGQHVVWKDQ WKHFRQYHQWLRQDO300$
6HEDVWLDQ+DKQHOHWDOVWXGLHGWKHZHDUEHKDYLRURI QDQR ILOOHGPLFUR ILOOHGK\EULGPDFUR ILOOHGFRPSRVLWHV
FRPSRPHUVLORUDQHRUPRFHU 7KHVWXG\ VWDWHGWKDWPDFUR ILOOHGFRPSRVLWHVVKRZHGKLJK9LFNHUVKDUGQHVVEXWOHVV
ZHDUUHVLVWDQFH ,W DOVRUHSRUWHGWKDWPLFUR ILOOHGFRPSRVLWH\LHOGHGORZHVW9LFNHUVKDUGQHVVEXWLQWHUPHGLDWHZHDU
UHVLVWDQFH$OVRLQIHUULQJWKDWDVWKHILOOHUVL]HGHFUHDVHVWKHZHDUUHVLVWDQFHRIWKHFRPSRVLWHDOVRGHFUHDVHV
6HDVKHOOVDUHKDUGQDWXUDOFHUDPLF PDWHULDOZKLFKKDV FDOFLXPFDUERQDWH OD\HUVDUUDQJHG LQSODWHOHWVDQGSURWHLQ
7KHUHDUHOLPLWHGVWXGLHVLQVHDVKHOOXVHGDVILOOHU LQ ELRFRPSRVLWHV 7KHDLPRIWKHSUHVHQWSDSHUZDV WRIDEULFDWH







RI  530 LVPDLQWDLQHG DW DERXW  KRXUV GXUDWLRQ )LQDOO\ ILQH VHDVKHOO SDUWLFOHV ZHUH DFKLHYHG DIWHU GU\LQJ
)LJXUHVKRZVWKHSUHSDUDWLRQRIXQLIRUPO\EOHQGHG300$ SRZGHUZLWKVHDVKHOO SDUWLFOHV SUHSDUHGIURPVHDVKHOOV
7KHSUHSDUHGVHDVKHOOILQH SDUWLFOHV LVXQLIRUPO\EOHQGHGZLWK300$SRZGHUZLWKZHLJKWSHUFHQWDJHDVVKRZQLQ
WDEOHXVLQJPRQRFKDPEHUEDOOPLOOPDFKLQH7KH00$OLTXLGLVPL[HGVHDVKHOO SDUWLFOHV DQG300$SRZGHU DV
SHU WKH FRPSRVLWLRQ JLYHQ LQ 7DEOH 1 1'LPHWK\O SDUD WROXLGLQH 1'37 SUHVHQW LQ 00$ OLTXLG FDXVHV
GHFRPSRVLWLRQ RI %HQ]R\O 3HUR[LGH ZKLFK LV DOUHDG\ DGGHG DV LQLWLDWRU LQ WKH 300$ SRZGHU FRQWHQW DQG WKLV
UHOHDVHV IUHH UDGLFDOV WR LQLWLDWHSRO\PHUL]DWLRQ ,QRUGHU WRSUHYHQWSRO\PHUL]DWLRQ UHDFWLRQZKHQ LW LV H[SRVHG WR
OLJKWRUHOHYDWHGWHPSHUDWXUHV+\GURTXLQRQHLVPL[HGDVDQLQKLELWRU
:LWKLQIHZPLQXWHVVHOISRO\PHUL]DWLRQZDVFRPSOHWHDQGLWZDVSRXUHGLQWRWKHPROGER[$SURYLVLRQZDVXVHG
WR VHSDUDWH UHVLQ DQG PROG DQG IRU HDV\ UHPRYDO RI VSHFLPHQV DIWHU LW LV KDUGHQHG 7KH VSHFLPHQ RI VXLWDEOH
GLPHQVLRQDFFRUGLQJWR$670VWDQGDUGVZDVFXWIURPWKHSUHSDUHG ELRFRPSRVLWHVDQGXVHGIRUWHVWLQJWKHVDPSOHV
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 &RPSUHVVLYHVWUHQJWK
7KHSUHSDUHGVSHFLPHQV DFFRUGLQJWR $670 VWDQGDUG 'ZKHUHWKHOHQJWKWRGLDPHWHUUDWLR/' UDWLRRIWKH
F\OLQGULFDO VSHFLPHQV ZDV  ZHUH WHVWHG LQ ,QVWURQ XQLYHUVDO WHVWLQJ PDFKLQH )LJXUH  ,QVWURQ 6)/ 6HYHUQ
)XUQDFHV /WG8. ,QLWLDOO\ LWZDV FKHFNHG IRU QR VXUIDFH GHIHFWV LQ WKHPDWHULDOV VLQFH WKH SUHVHQFH RI VXUIDFH
GHIHFWVPD\ OHDG WRSRRU UHVXOWGXULQJFRPSUHVVLRQ WHVW7KHVSHFLPHQZDVSODFHG LQEHWZHHQ WKH WZRSODWHQV LQ
870DQGDFRQWLQXRXVLQFUHDVLQJORDGRI1ZDVDSSOLHGWLOOIDLOXUHRIWKH ELRFRPSRVLWH$OWKRXJKLWZDVDKDUG
SODVWLF LW XQGHUJRQHVRPHGXFWLOH EHKDYLRXU EHIRUHEUHDNLQJRI WKH ELRFRPSRVLWH RFFXUUHG7KHJUDGXDOFUDFNLQJ
RFFXUUHGIROORZHGE\WKHIDLOXUHRIWKH ELRFRPSRVLWH+HQFHWKHYDOXHVRIFRPSUHVVLYHVWUHQJWKRIGLIIHUHQWVHDVKHOO
SDUWLFOHV ELRFRPSRVLWH ZHUHSUHVHQWHGDWDQGVWUDLQYDOXHV)LJXUH  VKRZVWKHFRPSUHVVLYHWHVWRI
300$ %LRFRPSRVLWH FDUULHGRXWXQGHU,QVWURQXQLYHUVDOWHVWLQJPDFKLQH




)LJ&RPSUHVVLRQ WHVW RI300$VHDVKHOO ELRFRPSRVLWH XQGHU,QVWURQXQLYHUVDOWHVWLQJ PDFKLQH
 :HDU
7KHVSHFLPHQVSUHSDUHGDFFRUGLQJWRWKH * $670VWDQGDUG DQG ZHDUWHVWV ZHUHSHUIRUPHGXVLQJSLQRQGLVF
WULERPHWHU )LJXUH3LQRQ'LVNDSSDUDWXV'XFRP,QVWUXPHQWV,QGLD,Q WKH ZHDU WHVWVWKHVSHFLPHQVDVSLQZHUH
PDGH WR VOLGHDJDLQVW WKHVWDLQOHVVVWHHOGLVFFRXQWHUSDUWZKLFKKDG KDUGQHVV RI +9 GLDPHWHURIPPDQG
WKLFNQHVVRIPP'LDPHWHURIWKHZHDUWUDFNZDV PP$IWHUWKHVSHFLPHQZDVIL[HGOHYHUDUPZDVPRXQWHGE\
FRXQWHU ZHLJKWV RI 1:HDU H[SHULPHQW ZDV SHUIRUPHG IRU PLQXWHV DW D URWDWLRQDO VSHHG RI  5307KH
SDUDPHWHUVZHUHPDLQWDLQHG FRQVWDQWIRUDOOVSHFLPHQVDQGZHDURIHDFKVSHFLPHQZDVIRXQGLQGLJLWDOGLVSOD\
,Q RUGHU WR ILQG WKH HIIHFW RQ VHDVKHOO SDUWLFOHV RQ FRPSUHVVLYH VWUHQJWK DQG WULERORJLFDO SURSHUWLHV RI 300$
ELRFRPSRVLWHWKH VXUIDFH WRSRJUDSK\ RIWKH ELRFRPSRVLWHVZHUHVWXGLHGXVLQJ VFDQQLQJ HOHFWURQPLFURVFRS\




)LJXUH  VKRZV WKH FRPSUHVVLYH VWUHQJWKV RI GLIIHUHQW FRPSRVLWLRQV RI VHDVKHOO SDUWLFOHV FRQWHQW LQ 300$
ELRFRPSRVLWHV03DDJDLQVWWKHSHUFHQWDJHVWUDLQYDOXHV,WZDVIRXQGWKDWWKHUHZDVQRVSHFLILFSDWWHUQIROORZHGLQ
WKHFRPSUHVVLYHVWUHQJWKVRI WKH ELRFRPSRVLWHV%XWVHDVKHOO SDUWLFOHV ELRFRPSRVLWH QHHGHG OHDVWFRPSUHVVLYH
IRUFHRIDOO300$ ELRFRPSRVLWHVWRGHIRUPDQGRIWKHWRWDOOHQJWKRIWKHPDWHULDO7KHVHDVKHOO
SDUWLFOHV KDG WKH QHHGHG PD[LPXP FRPSUHVVLYH IRUFH DPRQJ DOO WKH 300$ ELRFRPSRVLWHV 7KH  VHDVKHOO
SDUWLFOHV VKRZHG EHWWHU FRPSUHVVLYH VWUHQJWK IROORZHG E\  ILOOHG ELRFRPSRVLWH )LJXUH  FOHDUO\ VKRZV WKH
DGGLWLRQ RI VHDVKHOO SDUWLFOHV KDG GHILQLWHO\ D VLJQLILFDQW HIIHFW RQ WKH FRPSUHVVLYH VWUHQJWKV RI WKH 300$
ELRFRPSRVLWHV
7KH  DQG  VHDVKHOO SDUWLFOHV UHLQIRUFHG 300$ ELRFRPSRVLWH VKRZHG VLJQLILFDQW FKDQJH LQ FRPSUHVVLYH
VWUHQJWK FRPSDUHG WR XQILOOHG ELRFRPSRVLWH ,W ZDV NQRZQ IURP WKH OLWHUDWXUH WKDW ILOOHU SDUWLFOH DQG WKHLU




WKH ELRFRPSRVLWH 7KH  VHDVKHOO UHLQIRUFHG ELRFRPSRVLWH KDG OHVVHU DPRXQW RI VHDVKHOO SDUWLFOHV DURXQG WKH
ELRFRPSRVLWH DQGWKHLQWHUDFWLRQEHWZHHQWKHVHDVKHOO SDUWLFOHV DQGWKHPDWUL[ZDVOLPLWHG+HQFHWKHUHLQIRUFHPHQW
RIWKHILOOHG ELRFRPSRVLWHZDVZHDNHUZKHQFRPSDUHGWRWKDWRIDQG 6LQFHWKHUHZDVQRUHLQIRUFHPHQW
HIIHFWREVHUYHGLQXQILOOHG ELRFRPSRVLWHLWVKRZHGOHDVWFRPSUHVVLYHVWUHQJWKRIDOOWKHVSHFLPHQV%XWLQFDVHRI
 DQGVHDVKHOO SDUWLFOHV ELRFRPSRVLWHLWKDGPRUHDPRXQWRIVHDVKHOO SDUWLFOHV FRQWHQWDQGEHWWHULQWHUDFWLRQ
RI VHDVKHOO SDUWLFOHV WR UHVLQ ZDV RFFXUUHG $OVR DOPRVW XQLIRUP GLVSHUVLRQ RI  DQG  VHDVKHOO SDUWLFOHV
SURYLGHGHQRXJK VSDFHEHWZHHQ WKH VHDVKHOOSDUWLFOHVZKLFK LQFUHDVHG WKH UHLQIRUFHPHQWRI WKH ELRFRPSRVLWH DQG
KHQFHPRUHIRUFHZDVQHHGHGWRFRPSUHVVWKH ELRFRPSRVLWHVE\DQGVWUDLQDVLWFRXOGEHVHHQIURP
WKH )LJXUH  7KH )LJXUH  VKRZV VFDQQLQJ HOHFWURQ PLFURJUDSK RI  )LJD DQG  )LJE VHDVKHOO
SDUWLFOHV ELRFRPSRVLWH LQZKLFKWKHXQLIRUPGLVSHUVLRQRIVHDVKHOO SDUWLFOHV FRXOGEHVHHQ
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)LJ (IIHFWRISHUFHQWDJHVWUDLQRQFRPSUHVVLYHVWUHQJWKVRI GLIIHUHQWFRPSRVLWLRQVRI300$VHDVKHOOELRFRPSRVLWH
)LJ 6HDVKHOOSDUWLFOHV GLVWULEXWLRQLQ 300$PDWUL[ D DQG E ELRFRPSRVLWH
0HFKDQLFDOVWUHVVHVDUHXVXDOO\FRQFHQWUDWHGDW WKHDQJOHVDQGSURWXEHUDQFHVRI WKH ILOOHUSDUWLFOHV6LQFHVHDVKHOO
SDUWLFOHV DUH DVVXPHGWREH VSKHULFDOLQVKDSHDQGLWGRHVQRWKDYHDQ\DQJOHV DVZHOODV SURWXEHUDQFHVWKHVWUHVVHV
FRQFHQWUDWHGDWWKHVHDVKHOOILOOHUSDUWLFOHVZHUH PLQLPXP+HQFHWKHVKDSHRIWKHVHDVKHOO SDUWLFOHV ZDVUHVSRQVLEOH
IRU LPSURYHG FRPSUHVVLYH VWUHQJWK FRPSDUHG WRXQILOOHG ELRFRPSRVLWH%XW DGGLWLRQRIPRUH VHDVKHOO SDUWLFOHV LQ
DQGILOOHG ELRFRPSRVLWH UHVXOWHG LQDJJORPHUDWLRQ$VD UHVXOW LUUHJXODU VL]HRI WKHFRPELQHGSDUWLFOHV
ZHUHVHHQOHDGLQJWRPRUHVWUHVVDQGWKLV IDYRXUHG OHVVFRPSUHVVLYHVWUHQJWK LQ DQGILOOHG ELRFRPSRVLWH
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)LJ 6HDVKHOO SDUWLFOHV DJJORPHUDWLRQV LQ 6HDVKHOOSDUWLFOHV UHLQIRUFHG 300$ ELRFRPSRVLWH
,Q FRPSUHVVLRQ WKH PLFUR FUDFN DIIHFWV WKH VWUHQJWK RI WKH ELRFRPSRVLWH ZKLFK PLJKW EH WKH UHDVRQ IRU VOLJKW
UHGXFWLRQRIFRPSUHVVLYHVWUHQJWKLQILOOHG ELRFRPSRVLWH WKDQILOOHG ELRFRPSRVLWHEXWKRZHYHUERWKKDYH
JUHDWHUFRPSUHVVLYHVWUHQJWKWKDQXQILOOHG300$ ELRFRPSRVLWHVKRZLQJWKH SRVLWLYHHIIHFWRIVHDVKHOO SDUWLFOHV RQ
WKH ELRFRPSRVLWH ,PSURYHG FRPSUHVVLYH VWUHQJWKRI WKH ELRFRPSRVLWH LV DOVR DWWULEXWHG WR JRRGERQGLQJ DW ILOOHU
PDWUL[LQWHUIDFHDQGXQLIRUPGLVSHUVLRQRIVHDVKHOO SDUWLFOHV DURXQGWKH ELRFRPSRVLWH
7KHSRURVLW\LVDQLPSRUWDQWSKHQRPHQRQZKLFKDIIHFWVWKHVWUHQJWKRIWKH ELRFRPSRVLWH3UHVHQFHRISRUHVFDXVHV
KLJKORFDOL]HGVWUHVVHVDURXQGWKHSRUHDUHDVZKHQWKHORDGLVDSSOLHG7KLVZHDNHQVWKHDUHDDURXQGWKHSRUHVDQG
JUDGXDOFUDFNLQJRFFXUV OHDGLQJ WRUHGXFHGVWUHQJWK7KHVHDVKHOO SDUWLFOHV UHLQIRUFHG ELRFRPSRVLWH KDGOHVVHU
FRPSUHVVLYH VWUHQJWK WKDQ WKDW RI  VHDVKHOO SDUWLFOHV ELRFRPSRVLWH 7KH SRUH GHYHORSHG LQ  ILOOHG
ELRFRPSRVLWH ZDV UHVSRQVLEOH IRU UHGXFHG VWUHQJWK WKDQ  ILOOHG ELRFRPSRVLWH )LJXUH  VKRZV WKH 6FDQQLQJ
HOHFWURQPLFURJUDSKRISRUHVSUHVHQWLQWKHVHDVKHOOUHLQIRUFHG ELRFRPSRVLWH
)LJ 6XUIDFHWRSRJUDSK\RI PLFUR SRUH SUHVHQFH LQVHDVKHOOUHLQIRUFHG 300$ ELRFRPSRVLWH
6HDVKHOOSDUWLFOHVDJJORPHUDWLRQV
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 :HDU
)LJXUH VKRZVZHDURIGLIIHUHQWFRPSRVLWLRQVRI ELRFRPSRVLWHVDJDLQVWWKHGXUDWLRQRIVOLGLQJGXULQJZHDUWHVWV,W
ZDV IRXQG WKDW WKH LQFUHDVH LQ SHUFHQWDJH RI VHDVKHOO SDUWLFOHV LQFUHDVHV WKH ZHDU UHVLVWDQFH SURSHUW\ RI WKH
ELRFRPSRVLWHV:LWKDGGLWLRQRIVHDVKHOO SDUWLFOHVWKHUHZDVDQRWDEOHGHFUHDVHLQZHDU7KHUHZDVQRQRWDEOH
GLIIHUHQFH REWDLQHG EHWZHHQ  DQG  VHDVKHOO SDUWLFOHV 7KH  VHDVKHOO SDUWLFOHV ELRFRPSRVLWH VKRZHG
PLQLPXPZHDU WKDQ WKH RWKHU ELRFRPSRVLWHV1R VLJQLILFDQW FKDQJHVZHUH RFFXUUHG EHWZHHQ   DQG 
VHDVKHOO SDUWLFOHV+RZHYHUWKHDGGLWLRQRIVHDVKHOO SDUWLFOHV KDGSRVLWLYHHIIHFWRQWKHZHDUUHVLVWDQWSURSHUW\RIWKH
ELRFRPSRVLWHV
)LJ  9DULDWLRQRIZHDUZLWK VOLGLQJ GXUDWLRQ IRUGLIIHUHQWZHLJKWSHUFHQWDJHRIVHDVKHOO SDUWLFOHV LQ300$ ELRFRPSRVLWH
*RRG ERQGLQJ RI VHDVKHOO SDUWLFOHV ZLWK WKH 300$ PDWUL[ LQ WKH ELRFRPSRVLWH LV LPSHUDWLYH IRU LPSURYHG
WULERORJLFDO SURSHUW\7KH SHUIHFWERQGLQJRIWKHVHDVKHOO SDUWLFOHV ZLWKWKHUHVLQPDWUL[LQILOOHG ELRFRPSRVLWH
DYRLGHG WKH SXOO RXW RI WKH SDUWLFOHZKHQ LWZDV VOLG DJDLQVW WKH VWHHO FRXQWHU GLVF LQ 3LQ RQ GLVF DSSDUDWXV7KH
SDUWLFOHZKLFKLVSXOOHGRXWLQRWKHU ELRFRPSRVLWHVVWUXFNEHWZHHQWKHVXUIDFHVGXULQJVOLGLQJDQGDOVRDIIHFWHGWKH
WRSRJUDSK\ RIWKH ELRFRPSRVLWHV7KHILJXUH  VKRZVWKHDEVHQFHRIHIIHFWLYHERQGLQJEHWZHHQWKH VHDVKHOO SDUWLFOHV
DQGWKH300$VXUIDFHLQILOOHG ELRFRPSRVLWH ,WVKRZV WKHSDUWLFOHZLWKDQJOHVDQGSURWXEHUDQFHVLQGLFDWLQJ
WKDWLWZDVKHDYLO\DIIHFWHGGXULQJWKHZHDUWHVW7KHSRRUERQGLQJRI WKH SDUWLFOHV ZKLFKZKHQWKURZQRXWRIWKH
VXUIDFHWKHUHLQIRUFHPHQWHIIHFWRIWKH ELRFRPSRVLWH KDGJRWUHGXFHGDQGUHVXOWHGLQSRRUZHDUDVZHOODV UHGXFHG
FRPSUHVVLYHVWUHQJWKLQILOOHG ELRFRPSRVLWH7KHJRRGERQGLQJRIWKHDURXQGWKH SDUWLFOHV DURXQGLQILOOHG
ELRFRPSRVLWH VHDOVWKH SDUWLFOHV GXULQJZHDUDQGIDYRULQJIRUEHWWHUPHFKDQLFDOSURSHUWLHV
7KHILJXUH  VKRZVVFDQQLQJHOHFWURQPLFURJUDSKVRIDIIHFWHG WRSRJUDSK\ RIILOOHG ELRFRPSRVLWH7KHVXUIDFH
ZKLFKLVEDGO\DIIHFWHGLQFUHDVHVWKHIULFWLRQDOIRUFHDQGWKLVLQWXUQDIIHFWVWKH WRSRJUDSK\ RIWKH ELRFRPSRVLWHV,Q
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)LJ :HDUWRSJRUDSK\REVHUYHGLQ  VHDVKHOO ILOOHG 300$ ELRFRPSRVLWH GXHWRLQHIIHFWLYHERQGLQJ EHWZHHQ RIVHDVKHOOSDUWLFOH DQG300$
PDWUL[
)LJ ,UUHJXODU VXUIDFHZHDUWRSRJUDSK\RI  VHDVKHOO ILOOHG 300$ ELRFRPSRVLWH
7KHILJXUH VXUIDFH WRSRJUDSK\ RIWKHZHDUWUDFNSDWWHUQREVHUYHGLQILOOHG ELRFRPSRVLWH,WFRXOGEHVHHQ
WKDWWKHVHDVKHOO SDUWLFOHV ZKLFKLVEHLQJKHDYLO\DIIHFWHGE\WKHZHDUWUDFN7KHILJXUH  DOVRVKRZVWKHGLVORGJHG
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)LJ :HDUWUDFNVXUIDFHWRSRJUDSK\VHDVKHOOSDUWLFOHVILOOHG300$ ELRFRPSRVLWH
 &RQFOXVLRQ
7KH FRPSUHVVLYH VWUHQJWK DQG WULERORJLFDO SURSHUWLHV RI WKH ELRFRPSRVLWHV ZHUH HQKDQFHG E\ DGGLQJ VHDVKHOO
SDUWLFOHV LQ VXLWDEOH ZHLJKW SHUFHQWDJH WR WKH 300$ PDWUL[ 7KH VHDVKHOO SDUWLFOHV UHLQIRUFHPHQW LQ 300$
LPSURYHV FRPSUHVVLYHVWUHQJWK ZHDU UHVLVWDQFH ,QFRPSUHVVLYHVWUHQJWK VWXG\ WKHUHZDVQRWPXFK YDULDWLRQ ZDV
REVHUYHG EHWZHHQ  DQG  ILOOHG ELRFRPSRVLWH 7KH ZHDU WHVW VKRZHG WKH DGGLWLRQ RI VHDVKHOO SDUWLFOHV
LPSURYHV WKH ZHDU UHVLVWDQFH SURSHUW\ DQG DW  LW VKRZQ PD[LPXP ZHDU UHVLVWDQW SURSHUW\ DPRQJ DOO
ELRFRPSRVLWHV FRPSRVLWLRQ 7KH SRURVLW\ DQG DJJORPHUDWLRQ RI WKH VHDVKHOO SDUWLFOHV REVHUYHG LQ  DQG 
ZKLFK VOLJKWO\GHWHULRUDWHWKHVWUHQJWKDQGZHDU SURSHUWLHVRIWKH ELRFRPSRVLWH +HQFHWKHRSWLPXPSHUIRUPDQFHRI











ERQH FHPHQWV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
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